This paper describes the establishment of a singlephase power/energy standard at CEPRI. It is based on a computer-controlled commercial version of a NRC developed current-comparator-based power/energy bridge. The bridge allows the calibration of singlephase active/reactive power and energy meters at voltages up to 600 V, currents up to 100 A, any power factor from zero lag through unity to zero lead, and test frequencies of 45 Hz to 65 Hz. It has an estimated uncertainty (k=2) of less than 25 W/VA. A comparison of power/energy meter calibration systems between China Electric Power Research Institute and the National Research Council of Canada will also be presented and discussed.
Introduction
A unique standard for the unit of power does not exist. The measurement of power must rely on a reference that is derived from the standards of voltage and resistance. Various techniques have been developed for combining these two standards in such a way as to provide a practical and convenient power standard. The power bridge, based on the current comparator, is one way of achieving his objective.
At CEPRI the power/energy standard is based on a computer-controlled commercial version of the NRC developed current-comparator-based power bridge (CCBPB) [1] . The CCBPB calibration system has been in operation since 1998 at CEPRI providing calibrations of power/energy meters. It has continuously been updated to reduce the system uncertainty. Traceability of the CCBPB calibration system has been established through traceable equipment/measurement systems comprising of direct (dc) voltage, alternating (ac) reference resistor, reference capacitor and an ac/dc thermal transfer standard in 2002. At present, the CCBPB calibration system at CEPRI is used to calibrate single-phase active/reactive power and energy meters at voltage ranges 60V to 600V, current ranges 0.1A to 100A, power factor ranges from zero lag (0 L) through unity to zero lead (0 C), and test frequencies of 45 Hz to 65Hz with an estimated uncertainty (k=2) of less than 25 W/VA. The performance of the CEPRI CCBPB calibration system was eventually confirmed by a comparison with the NRC CCBPB calibration system in 2009.
System description
The CCBPB calibration system is shown in Figure 1 . The current in the meter-under-test (UUT) is compared with currents derived from the test voltage through a reference resistor R and a reference capacitor C in the current comparator. The reference capacitor C, which is solid-dielectric, is a currentcomparator-based active capacitor automatically compensated for its instability and dielectric losses [2] . The ampere-turn unbalanced current is detected by the detection winding Nd with the corresponding Detector/Amplifier. A computer controls a feedback circuit from the Detector/Amplifier to the transconductance amplifier using analog-to digitalconverters and digital-to-analog converters. The control is such that the output current from the transconductance amplifier that drives the UUT current circuit and Nx winding would allow the current comparator, not only to achieve an ampere-turn balance condition, but also to maintain the balance through out the calibration cycle. At ampere-turn balance condition, the active and reactive components are given by: 
Thus, the in-phase and quadrature components of the current, and hence the test condition, are set by the turns Nr, Nc, and Nx.
The ac voltage source that provides the test voltage has a short-term stability of better than 1 V/V. The DC voltage standard used in the CCBPB calibration system for setting up the appropriate test ac voltage through an ac/dc thermal transfer standard is traceable to the dc voltage primary standard maintained at CEPRI. During calibration, the ac test voltage in conjunction with a capacitive voltage divider is continuously compared to the dc reference through the ac-dc transfer standard. The dc voltage source has a short-term stability of 0.2 V/V, while the ac-dc difference of the ac/dc transfer standard is less than 4 V/V. Further detailed explanation of the CCBPB calibration system at CEPRI, including sources of error and uncertainty analysis will be presented and discussed.
Comparison with NRC
The comparison was implemented using a commercial time-division multiplier power converter as a transfer standard which belongs to CEPRI. The stability of the transfer standard has been monitored for more than 10 years at CEPRI. The comparison calibration was done at 50 Hz, 100 V, 5 A, at power factors of 1.0, 0.5 lead (C) and 0.5 lag (L). Table 1 . Calibration results at CEPRI and NRC Considering that at CEPRI the estimated uncertainty (k=2) of the CCBPB calibration system is less than 25 W/VA and that at NRC is less than 10 W/VA (improved since [1] was published in 1983), the differences of not more than 15 W/VA between the two calibration systems at CEPRI and NRC indicated good agreement within the uncertainty of measurements, and that there are no significant differences between the CCBPB calibration systems at both laboratories.
Conclusions
The comparison results with NRC indicated good agreement and confirmed the good performance characteristics of the CCBPB calibration systems at CEPRI. Further improvement in the system estimated uncertainty to achieve lower than 20 W/VA will continue. Also, further investigations to expand other system calibration functions to facilitate the calibrations of reactive power meters will proceed. Expanding the CCBPB calibration system capabilities would enhance the calibration ability of CEPRI on active/reactive power and energy meters.
